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ABSTRACT

Distribution of Field Caught Mosquitoes from Laredo, Texas (August 2011)

Yvette Patricia Mendoza, B.S., Texas A&M International University;
Chair of Committee: Dr. David L. Beck

Within the last decades, mosquito-borne viruses have re-emerged in the United
States. These infectious viruses include Dengue, West Nile, St. Louis Encephalitis, and
Chikungunya, just to name a few. Originating in sub-tropical and tropical regions, these
viruses and the mosquitoes that transmit them know no borders. Laredo, Texas is a town
which borders Nuevo Laredo, Tamaulipas, Mexico; an area that is known to have frequent
outbreaks of the Dengue virus. Identifying the diversity of mosquito species and the
abundance of mosquitoes in the City of Laredo is a key element in aiding local public health
officials in disease surveillance. This 9-month study was aimed to identify if the vectors for
these viruses were present in Laredo, their distribution throughout the city, and if weather
and environmental factors affect their presence. We found that the main vectors for Dengue
(Aedes aegypti) and West Nile virus (Culex quinquefasciatus) are indeed present year-round
with higher activity in areas that border Mexico and when temperature ranges between 16°C
and 37°C. It is recommended that the City of Laredo conduct monthly surveillance of
mosquito pools and increase community outreach to prevent disease transmission and
potentially a future outbreak. These efforts will not eliminate the possibility of infection
through a mosquito bite but may decrease the incidence of the vector-borne disease in the
area.
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CHAPTER 1: OVERVIEW
1.1 Vector and Vector-Borne Diseases
Over the last 30 years the world has witnessed a dramatic re-emergence of once
common viral diseases, the majority being causes of major epidemics of human disease.
Figure 1.1 illustrates the geographic distribution of re-emergent epidemic arboviral (genus
Flavivirus) diseases and Figure 1.2 shows their distribution from 1990-2000 (Gould et al.
2003, Gubler 2002). Many of these diseases that were thought to be of little significance or
controlled (i.e., Dengue, West Nile and Yellow Fever to name a few) have had a dramatic
epidemic resurgence. This has claimed the lives of many throughout the Earth (Gubler 2002)
because of adaptation to urban environments. Of the viral diseases of humans, many have
adapted to jump species from animal reservoirs to infect humans due to environmental,
societal and demographic changes, an effect of spillover transmission. These diseases have
become an increasing health concern and are commonly known as vector-borne diseases.
The term vector refers to organisms, primarily arthropods and rodents, who act as
intermediate hosts or reservoirs of disease, present problems of sanitary or hygienic
significance, or otherwise affect the health and efficiency of the human population (U.S.
Navy, Naval Medical Command 1987). These tiny arthropods may affect human health
directly or indirectly. Directly by bites, stings, myiasis and other mechanisms. Indirectly,
they transmit viral and other diseases.
1.2 Arboviruses
“Arbovirus” (arthropod-borne virus) is an ecological term referring to the biological
____________
This thesis follows the style of Journal of Vector Ecology.
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Figure 1.1. Re-emergent epidemic mosquito-borne arboviral diseases. (Adapted from Gould
et al. 2003) *Genus Flavivirus

Figure 1.2. Mosquito arboviral disease distribution. (Adapted from Gubler 2002)
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transmission of viruses in nature by infected hematophagous (blood feeding) arthropods
including mosquitoes, ticks and flies to susceptible hosts (vertebrate) in order to complete
their life cycle (Davis et al. 2008, Gubler 2002, Weaver and Reisen 2010).
The International Catalogue of Arboviruses has a registration of 534 viruses of which
134 have been documented to cause illness in humans. Arboviruses can be classified into
different families and genera because they are so taxonomically diverse, belonging to eight
viral families and 14 genera (Gubler 2002). This classification is based on their morphology
(size, shape, capsid symmetry, presence or absence of an envelope), physical properties
(genome structure and antigens) and biological properties (mode of replication and
transmission, host range, pathogenicity). These arboviruses as a group have a global
distribution but majorities are found in tropical areas where climate conditions permit yearround transmission. Currently, all arboviruses causing human disease and CNS damage
(meningitis, encephalitis, myelitis) fall within four families: Togaviridae, Flaviviridae,
Bunyaviridae and Reoviridae (Davis et al. 2008, Weissenböck et al. 2010).
Three factors are essential in establishing and maintaining an arbovirus transmission
cycle: the arbovirus, the arthropod and the vertebrate. These three components form a rather
distinct, complex relationship and the arbovirus must meet the requirements of both hosts to
maintain itself in nature (Pfeffer and Dobler 2010).
In order to ensure optimal transmission, the arthropod must be a competent vector of
the arbovirus. Vector competence refers to the ability of arthropods to acquire, maintain and
transmit microbial agents. An ideal vector then would be one providing a suitable internal
environment for the pathogen, be long-lived, have a host feeding pattern matching the host
range of the pathogen (geographic distribution must match the transmission patterns), feed
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often and for extended periods, ingest large amounts of blood in each life stage
(anthropophilic) and disperse readily (field collections should demonstrate a measurable
proportion of the vector). The arbovirus must produce a high-level viremia in the vertebrate
host to allow other vectors (primary and secondary) to become infected as well. The
population infected should be 1% or more. As prerequisite for continuous circulation of the
arbovirus between the arthropod and vector all factors must be available in sufficient
numbers at the same time and place to accomplish 1% infection rate (Goddard 2008, Pfeffer
and Dobler 2010).
During cyclopropagative biological transmission (Goddard 1999, Goddard 2008) the
arboviruses multiply/replicate within the tissues of the arthropod to produce high titres of
arbovirus in the salivary glands and are then passed on to the host through the bite of an
infected arthropod when taking a blood meal (Hanley and Weaver 2008, Pfeffer and Dobler
2010, Weaver and Reisen 2010). Cyclopropagative transmission may be accomplished both
vertically and horizontally. Vertical (transovarial and transovum) transmission involves the
passage of the virus from an infected female vector to both male and female offspring.
Horizontal transmission can be venereal, from a vertically infected male directly to a female
vector, as well as oral from a female vector to a vertebrate host via salivation during a blood
meal (Figure 1.3). Many of the arboviruses can be maintained in their arthropod hosts via
transovarial transmission for substantial periods although the vast majority require some
degree of horizontal transmission between vertebrate host and arthropod vectors in order to
be maintained in nature (Hanley and Weaver 2008). The most common mode of
transmission for the majority of arboviruses is oral horizontal mode.
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Figure 1.3. Arboviral modes of transmission. (Adapted from Hanley and Weaver 2008)
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This involves infection of the vector alimentary tract following a viremic blood meal,
dissemination of the virus in the vector, and eventual virus replication in the salivary glands,
followed by the injection of the infectious saliva during blood feeding (Hanley and Weaver
2008, Weaver and Reisen 2010).
Some of the emerging arboviruses are zoonoses that depend on animal species other than
humans for maintenance in nature, but are transmitted to humans. In most cases, humans
result as dead-end hosts or incidental hosts. Incidental hosts do not usually contribute to the
transmission cycle because the level of viremia in humans is seldom high enough to allow
continued transmission of infection to the arthropod (Weaver and Reisen 2010). The most
important reservoir hosts for these zoonotic arboviruses are birds and rodents, and the most
important arthropod vectors are mosquitoes and ticks (Pfeffer and Dobler 2010, Gubler et al.
2001).
For public health officials, the most important arboviruses are those that cause major
mosquito-borne epidemics because they produce enough viremia in humans. There are some
instances in which some arboviruses like dengue and Venezuelan equine encephalitis have
adapted and developed a high titre viremia in humans are maintained in large urban centers
in a mosquito-human-mosquito transmission cycle (Gubler et al. 2001) that no longer
depends on other animal reservoirs although these viruses can still be maintained in sylvatic
cycles in a mosquito-monkey-mosquito cycle (Figure 1.4) (Davis et al. 2008, Gubler 2002,
Thiboutot et al. 2010, Weaver and Vasilakis 2009, Weaver and Reisen 2010).
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Figure 1.4. Dengue transmission cycles: urban and sylvatic. (Thiboutot et al. 2010)
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1.3 Mosquito Biology
Throughout the world, mosquitoes (Family Culicidae, Order Diptera (“true flies”))
pose as the most serious arthropod threat to mankind. Mosquitoes are known to be irritating,
biting pests and are notorious for their ability to transmit pathogen-causing diseases such as
dengue, human malaria, and viral encephalitides among others (Bowles and Swaby 2006,
Jackman and Olson 2002, Rueda 2008). Worldwide there are approximately 3,500 species
(~>1,000 spp. have yet to be found and described) of mosquitoes grouped into 140 subgenera
in 42 genera. Of these 3,500, more than a hundred species of mosquitoes are capable of
transmitting various diseases to humans and other animals (Rueda 2008).
In the family Culicidae there are two recognized subfamilies, the Anophelinae and
Culiciane. Subfamily Anophelinae has three genera: Anopheles, Bironella and Chagasia.
The Culiciane subfamily has 11 tribes (39 genera): Aedeomyiini (Aedeomyia), Aedini
(Aedes, Armigeres, Ayurakitia, Eretmapodites, Haemagogus, Heizmannia, Ochlerotatus,
Opifex, Psorophora, Tanakius, Udaya, Verrallina, Zeugnomyia), Culicini (Culex,
Deinocerites, Galindomyia, Lutzia), Culisetini (Culiseta), Ficalbiini (Ficalbia, Mimomyia),
Hodgesiini (Hodgesia), Mansoniini (Coquillettidia, Mansonia), Orthopodomyiini
(Orthopodomyia), Sabethini (Isostomyia, Johnbelkinia, Limatus, Malaya, Maorigoeldia,
Onirion, Runchomia, Sabethes, Shannoniana, Topomyia, Trichoprosopon, Tripteroides,
Wyeomyia), Toxorhynchitini (Toxorhynchites) and Uranotaeniini (Uranotaenia). The species
vary according to their zoogeographical regions. The Neotropical region (NT) consists of the
greatest diversity of mosquito species (31% of total known species), followed by the Oriental
(OL) (30%), Afrotropical (22%), Australasian (22%) and Nearctic (5%) regions (Rueda
2008).
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1.4 Geographic Distribution
Of the 3,500 species, about three-quarters are native to the humid tropics and
subtropics. Mosquitoes are absent only from a few islands and Antarctica (or places that are
permanently frozen) (Reiter 2001, Rueda 2008). The largest populations of mosquito species
occur in the Arctic tundra, where colossal numbers emerge in a single brood each summer
from snowmelt pools that overlie the permafrost (Reiter 2001).
Many genera have a worldwide distribution and some genera are with limited or
endemic distribution but their biodiversity notably evident. At least one species of the
following genera (Anopheles, Aedes, Coquillettidia, Culex, Culiseta, Lutzia, Orthopodomyia,
Toxorhynchites and Uranotaenia) are found in all five zoogeographical regions of the world
(Figure 1.5) (Rueda 2008).

Figure 1.5. Geographic distribution of mosquito species diversity. (Adapted from Rueda
2008)
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1.5 Life Cycle
Mosquitoes have a holometabolous (complete metamorphism) type of development
(egg, larvae, pupae and adult) (Figure 1.6)
(http://www.cdc.gov/Dengue/entomologyEcology/m_lifecycle.html, Rueda 2008).
Distinction of these stages can be simply recognized. The adult stage is free flying but the
first three stages are aquatic. The length of time a mosquito takes to complete its life cycle
varies according to food availability, weather conditions and species of mosquito (Jackman
and Olson 2002).
Mosquito breeding sites are identified by finding their eggs (Jackman and Olson
2002). The mode and method and location of laying eggs (oviposition) is highly variable
among mosquito genera (Bowles and Swaby 2006). The female adult lays either single eggs
(e.g., Aedes, Anopheles) or in clusters (“rafts”) (e.g., Culex, Culiseta), up to several hundred
at a time, on the surface of the water, on the upper surface of floating vegetation, along the
margins of quiet water pools, on the walls of artificial containers or in moist habitats subject
to flooding (Rueda 2008). Eggs laid by a female in one batch vary from fifty to two hundred,
and a single female may lay several batches. Incubation of the eggs of most species varies
from 16 hours to 4 days, although it can take months for salt marsh and snow species to hatch
(Cox 1944). Mosquito eggs are white when they are first laid. Within a few hours they
become dark brown to black. The shape and size of mosquito eggs vary, with most being
football-shaped or boat-shaped and 0.02 to 0.04 inches long (Jackman and Olson 2002).
Mosquito eggs hatch into long larvae called “wigglers” (1/2’ long).
Their anatomy consists of three body sections: a small head, an enlarged thorax and a
long, cylinder-shaped abdomen. There are four larval instars (mature in 4 to 10 days, some
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Figure 1.6. Mosquito life cycle.
(http://www.cdc.gov/Dengue/entomologyEcology/m_lifecycle.html)
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species months) in which each instar becomes progressively larger in size. The last instar
results in the pupa. Larvae obtain atmospheric oxygen through a respiratory siphon located
at the tip of their abdomen (Bowles and Swaby 2006, Jackman and Olson 2002). Most
species feed on microscopic plants, animals and organic debris suspended in the water. The
larvae of some mosquito species are predators that feed on other mosquito larvae. Larvae of
the Anopheline group lie horizontally just underneath the surface film of the water and
remain in position by means of palmate hairs. Culicine larvae hang head down vertically or
at an angle of about 45 degrees to the surface of the water (Cox 1944).
Pupae, “tumblers”, are known as the resting stage of the mosquito. They spend most
of their time at the water surface and tend to move only when disturbed, resulting in a
tumbling motion hence the name “tumblers”. Pupae do not eat. They are difficult to identify
but can be recognized by their comma-shaped body structure. The pupal stage may last from
1 to 10 days or more. They then emerge as adult mosquitoes (Jackman and Olson 2002).
Mosquitoes are extremely sensitive as they emerge from the pupal skin at the surface
of the water. They are vulnerable to wind and water movement, predators and other factors
until they are ready to fly. Before they can fly the mosquito must rest on the surface of the
water for a brief period to allow itself to dry and all its body parts to harden (Bowles and
Swaby 2006). Male mosquitoes emerge a few hours up to a few days before the females
emerge, awaiting in the surrounding vegetation for her to emerge so they can mate. Mating
usually occurs near the site of emergence and coupling occurs quickly in the air. Male
mosquitoes typically die after the mating period. Adult females usually live for about a week
to a month or more depending on the species (Jackman and Olson 2002).
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1.6 Feeding Behavior
Male mosquitoes feed only on nectar, plant juices and other sources of liquid
carbohydrates. Females also feed on the same materials; however, most species must have a
blood meal as a source of protein before they can produce eggs. Using its proboscis, the
female takes a blood meal directly from the capillaries. After insertion of the mouthpart and
before feeding, it injects a small amount of saliva into the wound before drawing blood. The
saliva facilitates penetration of the skin and prevents the blood from clotting. It is at this
instance that the pathogen is transmitted (Jackman and Olson 2002). Typically females feed
every 3-5 days, and engorge more than its weight of blood in a single feeding. Females are
particular bloodsuckers preferring to feed at dusk, twilight or nighttime, or during the
daytime depending on the species. Table 1.1 presents the preferred feeding time on 15
common mosquito species found in Webb County, Texas. Mosquitoes utilize visual, thermal
and olfactory stimuli to locate a host. A visual stimulus is vital in flight orientation
especially over wide ranges. Olfactory cues are most important as the mosquito nears its
prey. The antennae have chemoreceptors that detect more than 300 compounds released
from the body. Carbon dioxide and lactic acid are the primary attractants excreted by the
body and used for detection of the host by the mosquito (Rueda 2008).

1.7 Habitat Selection
Populations of mosquitoes thrive in a variety of habitats with fresh water, brackish
water or any water (clear, turbid or polluted) except in marine habitats with high-salt
concentrations; their vast numbers make it almost impossible to avoid an outdoor encounter
(Rueda 2008).
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Table 1.1. Mosquito feeding behavior.
Mosquito Species
Aedes aegypti
Aedes albopictus
Aedes vexans
Anopheles punctipennis
Anopheles quadrimaculatus
Culex erraticus
Culex nigripalpus
Culex quinquefasciatus
Culex restuans

Larval Habitat(s)
AC

Biting
Time
C, D

Flight Range
>100 yards
100 - 300
AC, TH
C, D
yards
FW, GP, IP
C, N
10 - 25+ miles
WP
C, N
0 - 0.25 miles
FW, GP, LM
C, N
0.5 - 1 miles
WP
N
0 - 0.25 miles
GP, FW, DD
C
0.5 - 1 miles
0.25 - 0.5
AC, SCB, GRP
C, N
miles
WP, GRP, DD
C, N
1 - 2 miles
0.25 - 0.5
GP, LM, FS, SM
C, N
miles
SM
C, N, D
5 - 40 miles
SM
C, N, D
5 - 40 miles
IP, RF, GRP
C, N
5 - 10 miles
IP, RF, GRP
C, N
5 - 10 miles
WP
C, N
1 - 2 miles
GP: Grassland pools RF: Rice fields
GRP: Ground pools SCB: Sewage catch basins
IP: Irrigated pastures SM: Salt marshes
LM: Lake margins
TH: Tree holes
N: Night
WP: Woodland pools

Culex salinarius
Ochlerotatus (=Aedes) sollicitans
Ochlerotatus (=Aedes) taeniorhynchus
Psorophora ciliata
Psorophora columbiae
Psorophora ferox
AC: Artificial containers
C: Crespuscular (dusk and dawn)
D: Day
DD: Drainage ditches
FS: Freshwater swamps
FW: Flood waters
Modified from original source: Jackman and Olson (2002).
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Table 1.1 presents the preferred larval habitat on 15 common mosquito species found in
Webb County, Texas. Table 1.2 illustrates mosquito-breeding sites common to some genera
and Table 1.3 presents possible mosquito habitat sources.

1.8 Mosquito Morphology
The body of the adult female is divided into three principal regions: head, thorax and
abdomen. The adult mosquito body is composed of hardened plates called sclerites that are
separated by sutures. Put together these structures make up the integument. On the
integument you will find scales, setae and observe color variation (Darsie and Ward 2005).
Specific details of features important in identification will be discussed in Chapter II:
Materials and Methods, Sect. 2.3 Mosquito Identification.

1.9 Mosquitoes of Texas and Webb County, Texas
Populations of mosquitoes occur throughout Texas because there are habitats
favorable for mosquito species almost everywhere in the state. Climatic conditions from
temperate to sub-tropical and arid to humid make possible for a large number of different
species of mosquitoes to tolerate these conditions and breed (Cox 1944). At least 85 species
of mosquitoes are known to occur in Texas with 34 reported in Webb County (Table 1.4 and
Table 1.5) (http://www.texasmosquito.org/Checklist.html, Darsie and Ward 2005, Fournier et
al. 1989). The medically important mosquitoes from Webb County are listed in Table 1.6.

1.10 Flaviviridae
The family Flaviviridae, genus Flavivirus, includes arboviruses that are transmitted
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Table 1.2. Mosquito habitat selection.
Mosquito Group
Permanent Pool

Genera and/or species
Anopheles, some
Culex, Culiseta,
Coquilletidia,
Mansonia

Transient Water

Culiseta, some Culex,
occasionally
Anopheles, especially
Anopheles
punctipennis

Floodwater

Aedes, Ochlerotatus,
Psorophora

Artificial
container and
tree-hole

Most Aedes-especially Aedes
aegypti, Aedes
albopictus and
Ochlerotatus
(=Aedes) triseriatus

Breeding Sites
Standing water that
seldom dries, edges
of ponds, lakes and
smaller
impoundments
Roadside ditches,
excavations, canals,
ground pools, catch
basins, storm
sewers, clogged
streams, irrigated
land
Flood plains, salt
marshes, smaller
sites, even animal
footprints

Artificial containers,
discarded tires, tin
cans, flower pots,
cemetery vases, roof
gutters, tree-holes,
water caught in
bromeliads and
orchids and other
plants
Modified from original source: Jackman and Olson (2002)
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Table 1.3. Possible mosquito habitat sources.
Bird baths

Plastic pools

Cesspool or
septic tanks
Containers

Ponds

Street gutter or
catch basins
Swimming pools

Roof gutters

Tree holes

Cooler drains

Standing water

Watering troughs

Irrigated lawns
or fields
Modified from original source: Jackman and Olson
(2002)

18
by infected mosquitoes (mosquito-borne) (Gould and Solomon 2008). This genus includes
more than 70 single-stranded RNA viruses sharing common antigenic determinants, and is
divided into eight sero-subgroups and nine individual serotypes. Gould and Solomon (2008)
state that flavivirus evolution and epidemiology is determined by the ecological needs of
their hosts.
Mosquito-borne pathogenic viruses in this genus include the Yellow fever virus (YF),
Dengue viruses (DENV -1, -2, -3, -4), Japanese encephalitis virus (JE), St. Louis encephalitis
virus (SLE) and West Nile encephalitis virus (WNV) (Scaramozzino et al. 2001).

1.11 Studies in Texas
As previously mentioned there are approximately 85 species of mosquitoes in Texas
alone. Along with mosquitoes there may come the presence of flaviviral diseases. In the
following sections we will take a look at major outbreaks throughout the State of Texas for
three common viruses of the genus Flavivirus (Dengue Virus, West Nile Virus and St. Louis
encephalitis virus).

1.12 Dengue Virus
Dengue (DEN) fever results from infection with one of four closely related dengue
virus (DENV) serotypes (DENV -1, -2, -3 and -4). It is one of the most infectious human
viral disease and annually, there are an estimated 50-100 million cases of dengue fever (DF)
and 250,000 to 500,000 cases of dengue hemorrhagic fever (DHF) in the world. Over half of
the world’s population lives in endemic areas (Hemungkorn et al. 2007).
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Table 1.4. Mosquito species of Texas.
Aedes
aegypti
albopictus
vexans

Culex
erythrothorax
interrogator
nigripalpus
peccator

Anopheles
albimanus
atropos
barberi
bradleyi
crucians
franciscanus
freeborni
judithi
pseudopunctipennis
punctipennis
quadrimaculatus
walkeri

pilosus
quinquefasciatus
restuans
salinarius
stigmatosoma
tarsalis
territans
thriambus

Coquilletidia
perturbans

Deinocerites
mathesoni
pseudes

Culiseta
incidens
inornata
melanura

Ochlerotatus*
atlanticus
bimaculatus
brelandi
campestris
candensis
canadensis
dorsalis
dupreei
epaticus
fulvus pallens
grossbecki
hendersoni
infirmatus
mitchellae
mulleri
nigromaculis
scapularis
sollicitans
taeniorhynchus
thelcter
thibaulti
tormentor
trivittatus
triseriatus
zoosophus

Culex
abominator
Haemagogus
apicali
equinus
chidesteri
coronator
Mansonia
declarator
perturbans
erraticus
titillans
*Previously subgenus of Aedes. Bold indicates genera.
Compiled from original sources: Darsie and Ward (2005);
http://www.texasmosquito.org/Checklist.html

Orthopodmyia
alba
kummi
signifera

Psorophora
ciliata
columbiae
cyanescens
discolor
ferox
horrida
howardii
longipalpis
mathesoni
mexicana
signipennis
varipes
Toxorhynchites
rutilus
septentrionalis
Uranotaenia
lowii
sapphirina
synthetica
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Table 1.5. Mosquito species of Webb County, Texas.
Aedes
aegypti
albopictus
vexans

Culex
Culiseta
abominator
inornata
coronator
erraticus
Ochlerotatus*
interrogator
mitchellae
Melaniconion spp nigromaculis
Anopheles
albimanus
nigripalpus
sollicitans
crucians
quinquefasciatus
taeniorhynchus
pseudopunctipennis
restuans
thelcter
punctipennis
salinarius
trivittatus
quadrimaculatus
tarsalis
thriambus
*Previously subgenus of Aedes. Bold indicates genera.
Compiled from original sources: Darsie and Ward (2005)
http://www.texasmosquito.org/Checklist.html

Psorophora
ciliata
columbiae
cyanescens
discolor
ferox
signipennis
Uranotaenia
sapphirina
synthetica
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Table 1.6. Medically important mosquitoes of Webb County, Texas.
Mosquito Species

Known Vector For

Distribution

Aedes aegypti

DENV, YF

Africa, Asia, Australia,
Europe, South America,
United States

Aedes albopictus

DENV, YF, Bird Malarias
(LC), EEE (LC), WEE (LC),
WNV (LC), Chikungunya
(LC), JE viruses (LC)

Anopheles crucians

Malaria

Anopheles pseudopunctipennis

Malaria

Anopheles punctipennis

Human Malaria

Anopheles quadrimaculatus

Human Malaria, Dog
Heartworm
EEE, SLE, WNV

Culex nigripalpus

Culex quinquefasciatus

Avian Malaria, Wuchereria
bancrofti, WEE, SLE, Dog
Heartworm

Culex restuans

SLE, WNV

Culex tarsalis

WEE, SLE, California
encephalitis, WNV
WEE, WNV

Culiseta inornata
Ochlerotatus trivittatus
Psorophora ferox

Trivittatus virus, Dog
Heartworm
VEE

DENV-Dengue virus

LC-Laboratory conditions

EEE-Easter equine encephalitis
JE-Japanese encephalitis

SLE-St. Louis encephalitis
VEE-Venezuelan equine
encephalitis
Modified from original source: http://wrbu.org/

United States, Australia,
parts of Africa, Asia,
South America
United States and
Central America
United States, Central
and South America
Canada, Mexico, United
States
Canada, Mexico, United
States
United States, Mexico,
Central America, parts
of South America
Australia, United States,
Central America, parts
of South America,
Africa, Asia
Canada, Guatemala,
Honduras, Mexico,
United States
Canada, Mexico, United
States
Canada, Mexico, United
States
Canada, Mexico, United
States
North America, parts of
South America
WEE-Western equine
encephalitis
WNV-West Nile Virus
YF-Yellow Fever
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DENV was once a significant source of morbidity in Texas. The last major outbreak
occurred in 1922 when more than 40,000 cases were reported; three-fourths occurred in
Galveston, Texas. In 1923 and 1924 a total of 1,368 cases were reported; over the next 26
years, excluding 1941 when there was an outbreak of 526 cases, an average of 78 cases were
reported each year. Between 1950 and 1980 dengue disappeared from Texas but during the
1980’s another outbreak was reported. In 1980, 63 cases were reported and in 1986 there
were 17 cases. In both cases only DENV-1 serotype was isolated from patients. Seven
travel-related cases were reported from 1987 through 1994. In 1995, there was an increase of
reported cases worldwide. This same year, on August 25, 1995, the Texas Department of
Health (TDH) was notified of an ongoing dengue fever outbreak in Reynosa, Tamaulipas,
Mexico, approximately 10 miles south of McAllen, TX in Hidalgo County. With the close
proximity of Reynosa to McAllen and the fact the dengue virus vectors, Ae. aegypti and Ae.
albopictus are commonly found in much of the eastern two-thirds of Texas the TDH realized
this greatly increased the likelihood of cases in Texas and so decided to implement and
evaluate educational and surveillance efforts (Rawlings et al. 1998).
After the ban of DDT, dengue outbreaks were on a rise in Texas after 1980. However
from 1987 - July 1999 no cases had been reported from Laredo, Texas. In 2001, Peña et al.
reported that during January - July 1999, approximately 300-325 dengue cases were reported
from Nuevo Laredo, Tamaulipas, Mexico, Laredo’s’ sister city. This data sparked the
interest of the TDH. They decided to determine whether undiagnosed or unreported dengue
cases had occurred in Laredo during this time period. Medical records were examined from
five Laredo health facilities (the two city hospitals and the three largest of five community
clinics). The TDH found that during July 23 – August 20, 1999 50% of suspected patients
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were undiagnosed with the infection (24 of the 49 suspected dengue case-patients were
positive for past dengue infection, from the 494 records that were reviewed by the TDH). To
improve these statistics the TDH established heightened surveillance, professional and public
education, and prompt reporting of cases by the health care providers to local or state health
departments (Peña et al. 2001).
An outbreak of dengue occurred in the summer of 1999 that affected Nuevo Laredo,
Tamaulipas, Mexico and Laredo, Texas, United States (300-325 and 24 confirmed cases
respectively up to mid-August). From mid-August – December 1999 there was 161
suspected dengue cases of which 18 cases tested positive for dengue (Peña et al. 2001).
Toward the end of the local dengue outbreak the CDC and the Laredo Health Department
collaborated in conducting a seroepidemiologic survey to examine factors affecting dengue
transmission on both sides of the border. A total sample size of 622 households were
surveyed, 313 from Nuevo Laredo and 309 from Laredo. They concluded that the low
prevalence of dengue in the U.S. could be attributed to economic factors, rather than climatic,
factors (Reiter et al. 2003).
With the recent studies suggesting dengue is substantially underreported on both sides
of the border (Reiter et al. 2003), Brunkard et al. (2007) conducted an epidemiologic
investigation in 2004 in the neighboring cities of Brownsville, Texas, USA and Matamoros,
Tamaulipas, MX. Their primary objective was to assess population seroprevalence of
dengue and to identify the most important risk factors for regional transmission. This was
the first seroprevalence study to be conducted in the lower Rio Grande Valley since 1980.
There was a total sample size of 600 in which surveyors interviewed members of 300
households in each city and collected a blood sample from 1 volunteer per household.
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Dengue infection was detected in 2% and 7.3% of residents in Brownsville and Matamoros,
respectively. Past infection was detected in 40% of Brownsville residents and 78% of
Matamoros residents. An entomologic survey indicated 30% of households in both cities had
a presence of mosquito larvae. Risk factors included a weekly family income ≤$100, larval
habitat, and absence of air-conditioning and street drainage. Results showed that dengue
fever is endemic in the area of the southern Texas-Mexico border (Brunkard et al. 2007).
Shortly after this study, in 2005, the largest outbreak of dengue was reported among
Texas residents since 1999. The 2005 South Texas outbreak was linked to a dengue
epidemic just south of the Texas-Mexico border, in the Mexican state of Tamaulipas.
DENV-2 was the predominant serotype present. In December 2005, about 2 months after the
epidemic peaked, Ramos et al. (2008) conducted a household-based seroepidemiologic
survey in the contiguous border cities of Matamoros, Tamaulipas and Brownsville, Texas.
Their interest was to determine the incidence of recent dengue infection between Matamoros
and Brownsville residents and the seroprevalence of antibodies to dengue. They also further
sought to identify risk factors for dengue infection in each city. Recent dengue infection
results were 32% for Matamoros and 4% for Brownsville. Past dengue infection was found
to be 77% and 39% for Matamoros and Brownsville, respectively. The Breteau index, which
is the number of infested containers per 100 residences inspected, was 28 in Matamoros and
16 in Brownsville. Lastly, risk factors were discarded waste tires and buckets for both cities
(Ramos et al. 2008).

1.13 West Nile Virus
Since 1937 there have been reports of West Nile Virus (WNV) in Africa, the Middle
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East and Asia. In 1999 the virus abruptly appeared in the New York City metropolitan area,
and has rapidly spread west across the continental United States and southern Canada. The
CDC has reported over 24,000 cases since 1999. The rapid spread across the U.S. and
Canada has been attributed to the capacity of WNV to infect multiple strains of mosquitoes
and many species of birds (Davis et al. 2008, Molaei et al. 2007).
WNV was first detected in Texas in June of 2002 in a dead bird collection in Harris
County, Houston, TX. Since 2002 there has been continued WNV surveillance, which
indicates that, the virus has now become endemic in the Houston metropolitan area (Harris
County) with high levels of activity during the rest of the year (Molaei et al. 2007). Before
its first confirmed report of WNV, the Harris County Mosquito Control (HCMC) Division
established an avian mortality surveillance system and expanded its arbovirus surveillance
program to include the detection of the virus activity in mosquitoes and wild birds aside from
also detecting St. Louis Encephalitis Virus (Lillibridge et al. 2004). From 2002-2003 there
was considerable WNV transmission in Harris County, TX.
From 2002-2004, it was found that 6% of patients hospitalized in Harris County with
WNV were homeless. Meyer et al. (2007) conducted a study to determine the seroprevalence
of WNV in Houston’s homeless population after 2 transmission seasons and to determine
risk factors for infection. Seroprevalence came out to 6.8% of 397 homeless participants.
Risk factors involved included: being homeless for >1 year, spend >6 hours outside daily,
and drug usage. It was concluded that public health interventions need to be enforced toward
this high-risk population.
In another study conducted by Tesh et al. (2004), they monitored the year-round
activity of West Nile in Texas and Louisiana from 2003-2004. Their objective was to answer
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the question of how the virus persists during the winter in temperate regions and how they
are maintained during a period when their vectors are absent or inactive. Mosquito pools and
avian collections were taken during this time period. West Nile virus was detected in 11
dead birds and two mosquito pools during the surveillance studies in the winter of 2003 to
2004. This suggests that WNV is active throughout the year in this region of the United
States. Intermittent host-seeking activity throughout the winter probably accounted for
continued low-level WNV transmission and infection in the resident avian population
(probably the principal mechanism by which WNV overwinters and persists). Because of
WNV activity in winter months, surveillance of dead birds is a sensitive method for detecting
early WNV activity. The use of dead birds is a well-established method of arbovirus
surveillance and sometimes detects virus activity during periods when none can be detected
in mosquitoes.
In 2010, the Laredo Health Department reported one confirmed case of West Nile
Virus in a senior citizen (Diaz 2010).

1.14 St. Louis Encephalitis Virus
St. Louis Encephalitis Virus (SLEV) has been regularly isolated throughout the
Americas since 1933. It has been detected and isolated from mosquitoes, birds and
mammals. Epidemics occur sporadically, with large outbreaks often being preceded by
smaller outbreaks and are generally associated with increasing numbers of infected vector
and hosts. Since it was first identified in 1933, there have been a number of epidemics
resulting in more than 1,000 deaths, more than 10,000 cases of severe illness, and more than
1,000,000 mild or subclinical infections. Fatality rates increase with age (May et al. 2008).
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The first reported case of SLEV in Texas occurred in 1954 in Hidalgo County. The
outbreak is one of the largest that has been recorded from this viral disease (May et al. 2008).
SLEV was first detected in Harris County, Texas during the countrywide epidemic of 1964.
More cases were reported during this epidemic than in any other county in the USA. This
trend has continued with Harris County often reporting more SLEV isolations than any other
county in the U.S. (May et al. 2008). In late July of 1966, SLEV caused a major epidemic in
the city of Dallas, Texas (Schwab 1968).
Following the 1964 epidemic, SLEV was recognized as a disease problem and a great
deal of community interest was generated in order to prevent another outbreak. A Mosquito
Control District was authorized for Harris County in November of the same year and
surveillance programs for detection of the virus in the bird and mosquito populations of the
community were implemented. In December 1975 a committee was formed to assess
information from year-round mosquito and bird sampling. This would prove useful in
preventing the outbreak among the human population if the virus would be discovered in the
mosquito or bird population first (Bell et al. 1981). The SLEV surveillance program has
continued uninterrupted for the past 28 years and is managed by the HCMC Division. It
monitors SLEV activity between April and November of each year. Following the
introduction of WNV the surveillance program has included the detection of WNV activity in
the mosquitoes and wild birds (Lillibridge et al. 2004). Bell et al. (1981) describes another
epidemic that occurred late 1976. After comparison of the two outbreaks they show that
similarities and differences are present in their pattern and community response. The 1964
epidemic was approximately twice as long as that of the latter and many more cases of SLEV
occurred in the same year. In 1964, 243 human cases were confirmed with 27 deaths; during
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the summers of 1975 and 1976, only 58 cases and 11 deaths were confirmed. Subsequent
SLEV outbreaks have occurred in Houston, Texas in 1980, 1986, and 1990-1991.
After the 2002 outbreak of WNV in Houston, there was considerable interest in
determining what would happen when WNV moved into a geographic region where SLEV
was already endemic. The surveillance of both viruses in the summer of 2002 indicated that
both SLEV and WNV can coexist, despite their ecologic, antigenic, and genetic similarities.
In 2003, both viruses were again active and in fact there was more SLEV activity recorded in
Harris County in 2003 than in 2002. There is no indication that one of the viruses will
displace the other. Both will probably continue to persist in the geographic region
(Lillibridge et al. 2004).

1.15 Objectives
The recent epidemics of flaviviruses and the increasing arboviral risk in Texas and in
South Texas, with the reintroduction of Dengue through the Mexican border region formed
the bases of this study. It is intriguing how arthropods like mosquitoes are capable of
transmitting pathogens that result in detrimental effects to human health. In 2003, Homedes
and Ugalde cited the American Medical Association as having characterized the U.S.-Mexico
border as a fertile ground for the development of infectious diseases. One specific study
peaked my interest the most in emerging viruses. From 1980-1999, only 64 locally acquired
cases of dengue were confirmed in Texas, whereas 62,514 suspected cases were recorded in
three adjoining Mexican states—Coahuila, Nuevo Leon and Tamaulipas (Reiter et al. 2003).
By reviewing the statistics, the occurrence of the disease in both countries raises a major
concern. If there are ~62,000 cases in our neighboring sister city, how distributed is the
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disease in our soil? Or how long before it reaches the same level of incidence here? It is
critical to develop an understanding of the prevalence of mosquitoes in the border cities with
the long-term goal of monitoring for the presence of flaviviruses and potentially new and
emerging threats. To the best of my knowledge no systematic evaluation has been done of
the mosquito populations in Webb County for the last 10 or more years. This is in sharp
contrast to the monthly surveys done in Harris County by the HCMC program.
The objective of my thesis presented here is to:
1. Identify species of mosquitoes distributed through urban environments of the City of
Laredo.
2. Identify the diversity of species from North, Central and South parts of the city.
3. Determine correlation between number of mosquitoes caught and environmental data.
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CHAPTER II: MATERIALS AND METHODS
2.1 Research Area
The distribution of field caught mosquitoes was surveyed in urban areas (Figure 2.1)
throughout the city of Laredo, Texas, located in Webb County in South Texas. Laredo is
sister-city to Nuevo Laredo, Tamaulipas, Mexico that is separated by the Rio Grande that
runs into the Gulf of Mexico. Nuevo Laredo is a city with frequent dengue cases and
outbreaks.

Figure 2.1. Yard of trapping site (H) in the south zone of Laredo, TX.
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2.2 City of Laredo, Texas
Located north of the Rio Grande in South Texas, is Laredo, Texas, the county seat of
Webb County, Texas, United States. Across the river lies Nuevo Laredo, Tamaulipas,
Mexico and together these cities form part of the Laredo-Nuevo Laredo Metropolitan Area.
The area consists of a few hills and flat land covered most of brush: grasslands, dwarf oak,
and mesquite totaling an area of 79.6 square miles. Laredo’s weather is semi-arid during the
summer and mild during the winter months, because of its location between Mexican
mountains to the west and to the east the Gulf of Mexico to the east
[http://www.visitlaredo.com/page.asp?page=Laredo+Information. Accessed on 20th of June,
2011]. Laredo typically experiences an annual average high temperature of about 29°C, an
annual average low of about 17°C, and about 20 in. of rain per year. Summer months peak to
an average 37°C and in the winter the average temperatures dip to 20°C. Currently Laredo
has been experiencing a period of extreme drought, due to its geographic location. On rare
occasions, snow will fall during the winter months. On average August appears to be the
warmest month, January the coolest, and in September the maximum average precipitation
occurs
[http://www.weather.com/outlook/homeandgarden/home/wxclimatology/monthly/graph/7804
5. Accessed on 20th of June, 2011].

2.3 Trapping Zones and Zip Codes
The city was divided into three trapping zones: North (N), Central (C) and South (S).
The North zone included the area North of Del Mar Boulevard. Central zone included the
area between Del Mar Boulevard and Saunders Avenue. The South zone was the area south
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of Saunders Avenue. These zones consisted of five area zip codes: 78045 (N), 78041 (C),
and 78040, 78043, 78046 (S) (Figure 2.2).

Figure 2.2. Trapping site distribution - City of Laredo, Texas. Colored pins indicate zip
codes: yellow - 78045 (N), blue - 78041 (C), purple - 78040 (S), green - 78043 (S) and pink 78046 (S).

2.4 Trapping Sites
Trapping sites were distributed throughout the city of Laredo. Trapping sites per
zone varied according to the availability of homes at the time (Figure 2.2). Traps were
placed in the yards (front/back) of citizens, and the type of trap was chosen in compliance
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with surveillance of the property. Yards were preferred trap locations to ensure traps were
not disturbed/damaged by wildlife and others. Homes with a close range to parks, trails, and
bodies of water were also target locations for setting traps. A person’s home is the most
likely place that they will be exposed to a mosquito bite, and thus potentially an arbovirus.
After a given trap/traps were chosen they were placed at the trap location for 1-3
days. Trap collection bags were inspected twice a day. Once a trap was set in the afternoon,
morning inspection would determine if traps were re-set. If after the first day no mosquitoes
were collected the traps were relocated to another site. If after the first day mosquitoes were
found in the trap the trap was left at the site for three consecutive days. While at the trap site
weather data and environmental factors were recorded while the traps were set and picked
up. Collection bags were taken back to the lab at TAMIU if collection was made. Traps
were frozen at -20°C overnight and mosquitoes collected were removed from the trap bag
carefully to avoid damaging the specimens.

2.5 Research Materials
Four different styles of traps were used in the collection of mosquitoes. CDC
Miniature Light Trap, Omni-Directional Fay Prince Trap, and Ruggedized Storm Sewer
Light Trap, and collection bags were purchased from the John W. Hock Company
(www.JohnWHock.com). CDC Gravid Trap, 6-V batteries and a 6-V battery charger for the
traps were loaned on behalf of the City of Laredo Health Department.
The Kestrel 4000, Pocket Weather Tracker measured weather variables (temperature,
humidity and wind speed). The presence/absence of pets, lawns, dry ice and standing water
was surveyed.
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2.6 CDC Gravid Trap
The CDC Gravid Trap, Model 1712 is designed primarily for the selective capture of
female gravid Culex mosquitoes. The trap attracts females by the means of an oviposition
medium located in a pan below the trap. The oviposition medium is an infusion of alfalfa
and water (1lb:30gal) that has been left incubated for a period of 5-10 days. The trap
operates by creating an upward current of air from within the confines of the pan, so that the
mosquitoes are blown into the collection bag during their pre-oviposition examination of the
medium (http://johnwhock.com/products/mosquito-sandfly-traps/cdc-gravid-trap/, Reiter
1983, White et al. 2009) (Figure 2.3)

2.7 CDC Miniature Light Trap
The CDC Miniature Light Traps, Model 512 are designed primarily to increase the
number of individuals captured and the diversity of species in the area. It is routinely used
by control and public health agencies for mosquito surveillance. The trap is suspended a
couple feet above ground, or as the area permits. Best catches are made where cover is good
and the humidity is relatively high. Best catches are also usually made during the dark of the
moon or on overcast nights. Rainfall during the night increases numbers at times. Dry ice in
an insulated container suspended above the trap aids in increasing numbers
(http://johnwhock.com/products/mosquito-sandfly-traps/cdc-miniature-light-trap/, Hoel et al.
2009) (Figure 2.4).
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Figure 2.3. CDC Gravid Trap set at trapping site (X).
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2.8 Omni Directional Fay-Prince Trap
The Omni Directional Fay-Prince Trap, Model 112 is a daytime trap quite specific for
the capture of Aedes aegpyti and Aedes albopictus of both sexes. It will capture gravid and
nulliparous females. The design was based on the attraction of contrasting gloss black and
white panels. Placing the trap about 3 feet above ground level is ideal. The use of CO2
enhances the catch and makes the location of the trap less critical. Areas that have containers
of standing water are ideal for trapping (http://johnwhock.com/products/mosquito-sandflytraps/omni-directional-fay-prince-trap/, Hoel et al. 2009, Obenauer et al. 2009) (Figure 2.5).

2.9 Ruggedized Storm Sewer Light Trap
The Ruggedized Storm Sewer Light Trap is designed primarily for the capture of
Culex quinquefasciatus in the storm sewer system. This trap can be used above and below
ground and is simply a ruggedized version of the CDC Miniature Light Trap, Model 1512.
The trap is usually suspended on the underside of a manhole cover with dry ice increasing the
number count and diversity of species. This trap is powered by four rechargeable D-cell
batteries (http://johnwhock.com/products/mosquito-sandfly-traps/ruggedized-storm-sewerlight-trap/) (Figure 2.6).

2.10 Mosquito Identification
The mosquito is composed of three primary body segments: a head, thorax, and
abdomen. On these body parts you will find setae, scales, and observe color variation.
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Figure 2.4. CDC Miniature Light Trap set at trapping site (L).
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Figure 2.5. Omni Directional Fay-Prince Trap set at trapping site (R1).
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Figure 2.6. Ruggedized Storm Sewer Light Trap set at Texas A&M International University
trapping site (K).
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2.11 Head
The structure of the head is ovoid and a majority of the head is occupied by the
compound eyes. The head bears five appendages: two antennae, two palpi, and the
proboscis. The antennae arise between the eyes and are composed of 13-14 flagellomeres
with whorls of setae at the base of each flagellar segment. The maxillary palpi consist of five
palpomeres. At the anteroventral base of the head the proboscis extends forward (Figure 2.7
and 2.8).
Nine characters of the head are used in the keys for identification:
Shape of Proboscis
Scales on Proboscis
Length of Palpi
Scales of Palpi
Scales on antennal pedicel
Length of antennae and flagellomere 1
Width of frons
Interocular Space (IS)
Scales on dorsum of Head
For in depth identification of head refer to Darsie and Ward (2005).

2.12 Thorax
The thorax is the body region between the head and the abdomen. This structure is
divided into three segments: prothorax, mesothorax, and metathorax. The thorax bears two
appendages: the wings and the legs. Each body segment bears a pair of legs.
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Figure 2.7. Head of Aedes aegypti.
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Figure 2.8. Lateral view of head of Aedes aegypti.
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The wings are found on the mesothorax; and the metathorax has a pair of knobbed halteres
that aid in balance during flying. Flight muscles associated with the functional wings are
located in the mesothorax, which contributes to its large size. The other two are reduced in
size.
The largest sclerite of the mosquito body is the scutum and its shape is rather
spheroid. On the scutum you will find setae and scales with color variation. The thorax is
the largest body region of the mosquito and therefore has at times very specific features to
look at that aid in identification. These features are too detailed to be described at this time
and therefore for an in depth look it is best to refer to the manuscript prepared by Darsie and
Ward (2005). The rest of the thorax also bears scales and setae with color variation (Figure
2.9 and 2.10).
The two appendages of the thorax are the functional wings and legs. The wings are
attached to the mesothorax and are composed of a network of longitudinal thickenings called
veins. In between the veins are cells, stretched membranes. Setae (only genus Culiseta) and
scales with color variation may also be seen on the wings. Scales may be broad and
numerous, triangular shaped, or narrow and filiform.
Each thoracic segment bears a pair of legs, composed of five parts each. These are
the coxa, trochanter, femur, tibia, and tarsus. The tarsus is further composed of five
tarsomeres. On the fifth tarsomere you will find a claw or a tooth. Key characters on the
legs are scale patterns. The upper leg may be speckled and apical/basal rings can also be
found on the legs (Darsie and Ward 2005) (Figure 2.11).
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2.13 Abdomen
The adult abdomen of the mosquito is made up of ten segments, three of which are
short in size. All ten segments are composed of two sclerites connected by an elastic
membrane that permits the expansion of the tissue during blood feeding and while the female
is gravid. The first seven segments (I-VII) have similar structure but the last three segments
(VIII-X) are shortened and modified, specialized for reproduction and excretion. The
abdomen may also be used for identification as you may find setae and scales although some
genera do not present either. Color variation is also seen (Figure 2.12).

2.14 Published Keys
For the identification of adult female mosquitoes two published keys were used, these
keys were by: Darsie and Ward (2005).
Darsie and Ward (2005) published the book, Identification and Geographical
Distribution of the Mosquitoes of North America, North of Mexico. This manuscript is
composed of keys for the identification of female adult mosquitoes and the fourth instar
larval stage. This research project focused on the distribution and identification of female
adult mosquitoes therefore the larval keys was not of interest. The keys for female adult
mosquitoes first consisted of a dichotomous key to the genera and then more specifically the
species. Not all keys were needed. Geographical distribution maps of each taxon also aided
in determining species located throughout Texas and Webb County, Texas.
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Figure 2.9. Thorax of Aedes aegypti.
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Figure 2.10. Scutum of Aedes aegypti.
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Figure 2.11. Hindleg/tarsomeres of Aedes aegypti.
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Figure 2.12. Abdomen of Aedes aegypti.
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2.15 Statistical Analysis
The main outcome of this research was to identify species of mosquitoes, diversity of
species and number counts at each trap location throughout the different zones of Laredo,
TX. Possible explanations in variation in number counts of mosquitoes caught were weather
variables and environmental factors along with the presence of dry ice for the trap night.
Data was collected for the CDC Gravid Trap (CDC GT), CDC Miniature Light Trap
(CDC MLT), Omni Directional Fay-Prince Trap (ODFPT) and Ruggedized Storm Sewer
Light Trap (RSSLT) when the trap(s) was set and picked up and recorded. At time of setting
and picking up, zone (N, C, S), trap used (CDC GT, CDC MLT, ODFPT, RSSLT), weather
variables (temperature, wind speed, humidity) and environmental factors (pets, lawns,
standing water) were recorded. It was also noted when dry ice was used.
Data recorded in the spreadsheet was analyzed using PASW® Statistics 18 (SPSS
Inc. Chicago, IL, USA). The number of mosquitoes caught per trap in each zone as well as
the presence and absence of environmental factors was analyzed by comparing means under
a One-way Analysis of Variance (ANOVA). For both occasions the number of mosquitoes
caught was the dependent variable influenced by either factors (zones, lawns, standing water,
pets, and the use of dry ice). A linear (continuous) regression model was utilized to analyze
the dependent variable (number caught) versus the weather (independent) variables
(temperature, humidity, wind speed). Because temperature is an unstable variable, to further
test its significance we normalized the variable by using a natural logarithmic transformation.
This data was analyzed using a curve estimation (quadratic regression). Descriptive statistics
were estimated for each variable.
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The primary comparisons of interest were: 1) whether there is a difference in means
between the three zones and whether the South zone would contain more mosquitoes than the
other zones, 2) if weather variables such as temperature, humidity and wind speed have an
effect in decreasing the mosquito population and 3) whether the presence/absence of
environmental factors affect mosquito population by increasing their numbers and diversity.
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CHAPTER III: RESULTS
3.1 Mosquitoes Per Zone
Collection of mosquitoes and data took place during a 9-month period (September 29,
2010 – June 29, 2011). A total of 51 locations were surveyed across three trapping zones:
North, Central & South. The total number of trapping sites for each zone can be viewed in
Table 3.1.
Table 3.2 shows that the South zone had the majority of mosquitoes caught with
30.03 mosquitoes per trap per night, whereas the North zone had 23.19 mosquitoes per trap
per night, and the Central zone only had 3.09 mosquitoes per trap per night. These
collections included both males and females, but only females were identified to species.
Mosquitoes collected were from the following genera: Aedes, Anopheles, Culex and
Culiseta.

3.2 Zone Statistical Analysis
Statistical analysis revealed that the difference in trap rate between the North Zone
and the South zone was not significant (p>0.05, df=2, F=1.688) as shown in Table 3.3. The
95% confidence intervals for the mean had significant overlap as shown in Table 3.4.

3.3 Trap Quantitative Data
The use of each trap varied depending on the trapping site (Table 3.5). Type of trap
used was determined by the physical characteristics of the location; which was assessed by
visual inspection of the property (i.e., if trees, clothing lines or poles were present to hang
traps from).
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Table 3.1. Trapping sites by zone.
North
C
F
G
L
M
O
Q
R
S
T
B1
C1
D1
J1
N1
Q1
S1
V1
Y1

Central
E
J
K
P
V
W
Y
G1
M1
X1

South
A
B
D
H
I
N
U
X
Z
A1
E1
F1
H1
I1
K1
L1
O1
P1
R1
T1
U1
W1

19
10
22
*Letters denote place marks as seen in Figure
2.2.
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Table 3.2. Number of mosquitoes caught by zone.
Zone
North
Central
South
Σn=

No. Caught
1,229
102
1,892
3,223

Trap Nights (N)
53
33
63
149

Mosquitoes/Trap/Night
23.19
3.09
30.03
56

Table 3.3. Number of mosquitoes caught by zone descriptive
statistics.
N
Mean
Std. Deviation
Std. Error
49
24.98a
54.188
7.741
North
27
3.30a
3.582
0.689
Central
61
31.05a
85.489
10.946
South
a. ANOVA, p>0.05, df=2, F=1.688

Table 3.4. Number of mosquitoes caught by zone 95% confidence
interval for mean.
Lower Bound Upper Bound Minimum Maximum
9.41
40.54
0
320
North
4.71
0
15
Central 1.88
9.15
52.94
0
462
South
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CDC GT was the most versatile and easy to use; it caught the majority of the specimens and
was set consistently throughout the trapping time frame. From Table 3.5 we can see that the
CDC GT was set for a total of 141 trap nights while the other three traps combined were only
set for 62 (less than half of the total trap nights for the CDC GT). This was as a result of the
physical limitations of the trap locations.
Figure 3.1 is a graphical representation of the total amount of mosquitoes caught
throughout the trapping period. We found that the majority amount of mosquitoes were
caught during the months of March and April. These two months combined yielded 2,495
mosquitoes of the total 3,223 mosquitoes caught.

Table 3.5. Number of mosquitoes caught by trap type.
Trap
CDC GT
CDC MLT
ODFPT
RSSLT

No. Caught
3,200
21
2
0

Trap Nights
141
44
15
3

Mosquitoes/Trap/Night
22.7
0.48
0.13
0

3.4 CDC Gravid Trap Versus Other Traps
The CDC Gravid Trap quantitatively yielded the highest number of mosquitoes
throughout the study period. The total number was 3,200 out of the 3,223 total for all traps
(Table 3.5). The number of mosquitoes trapped and number of traps set per month can be
seen in Table 3.6. From the table it is apparent that the CDC GT was consistent in trapping
mosquitoes throughout the study period. Figure 3.2 shows the average number of
mosquitoes per trap night per month caught in the CDC GT. This data shows that the highest
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Figure 3.1. Total number of mosquitoes caught by traps during each month.
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numbers were caught during the months of March (n=49.62) and April (n=52.80), although
September (n=14.67), October (n=13.61), and May (n=15.40) also revealed significant
mosquito activity.
As compared to the CDC GT, the other three traps (CDC MLT, ODFPT, and RSSLT)
yielded few mosquitoes. Although they were not set during all months of the study period,
the CDC MLT and ODFPT were able to trap a few mosquitoes (0.45 and 0.13 mosquitoes
per trap night respectively). The RSSLT yielded no results during the 3 trap nights is was set
(Table 3.6). The total number of mosquitoes caught in these three traps was thus
insignificant.

Table 3.6. Number of mosquitoes caught by trap per month by trap type.
Trap
S
O
N
D
J
CDC GT
44/3 245/18 105/16 2/8
28/12
CDC MLT Ø
Ø
0/2
11/10 0/8
ODFPT
Ø
Ø
Ø
2/5
0/3
RSSLT
Ø
Ø
Ø
Ø
Ø
Mosquito Counts/Trap Nights
Ø - indicates no trap nights for the given months

F
37/8
0/2
Ø
0/3

M
1,439/29
1/11
Ø
Ø

A
1,056/20
8/5
Ø
Ø

M
231/15
Ø
0/3
Ø

J
32/12
1/6
0/4
Ø

3.5 City of Laredo Coverage
To assess if there was proper coverage of mosquito species diversity in the city, a
coverage curve was estimated. We found that in the 3 trapping days of September we found
2 new species. In October, 6 new species were found distributed throughout the city (Figure
3.3). The majority of species were found within these two months of the trapping period.
Throughout the study period a new mosquito species was identified in November and
December but then not again until March. From the coverage curve we observed that
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Figure 3.2. Monthly CDC Gravid Trap data.
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after October there was not much change throughout time in the detection of new species.
We believe that continuous trapping using the same kinds of traps should yield the same
mosquito species through time. Of course it is possible that other kinds of traps may yield
additional species.
Coverage of the city per zone was also assessed. Figure 3.4 shows the coverage in
each zone. The initial discovery of species was during the first four months in all three
zones. After this few new mosquito species were identified in each zone throughout the
remaining 5 months of the 9-month time frame.

3.6 Analysis of Weather Variables
A linear regression model estimated whether weather variables effected the number
of mosquitoes caught in a trap night. The ANOVA of temperature (p=0.829, df=1, F=0.047),
wind speed (p=0.382, df=1, F=0.771) and humidity (p=0.327, df=1, F=0.967) did not explain
the variance in the number of mosquitoes caught in a night. As shown in Figure 3.1 and
Table 3.6 the time of year has an effect on the number of mosquitoes present at the time.
Because temperature is variable through time we examined temperature and mosquito
detection. We normalized the data by converting the data into a natural logarithmic
transformation. A curve fit, quadratic regression (Figure 3.5) (b=0.450, p<0.05, df=2,
F=4.402) shows mosquito optimal temperature to be between 16°C (60.8°F) and 37°C
(98.6°F). We observed that very few mosquitoes were caught when the mean temperature
was below 16°C or above 37°C.
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Figure 3.3. Coverage curve for trapped mosquitoes in the City of Laredo throughout the 9month study period.
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Figure 3.4. Coverage curve for trapped mosquitoes by zone in the City of Laredo. Gaps
indicate that there was no trapping for the given month in that zone.
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3.7 Environmental Factors
The extent of influence of other environmental factors on the presence of mosquitoes
was also assessed. Means were estimated for the presence/absence of pets, lawns and
standing water. Although not an environmental factor, the presence of dry ice was also
looked at since mosquitoes are known to be attracted to carbon dioxide. Descriptive statistics
and ANOVA of these factors can be viewed in Tables 3.7 – 3.14. Statistical analysis
indicates that factors such as pets, lawns and standing water did not play a significant role in
the number of mosquitoes caught per night. It is interesting to note (Table 3.7) however that
more mosquitoes were trapped when pets were present (n=27.55) than when they were absent
(n=18.25). The presence of standing water (Table 3.11) resulted in more mosquitoes being
detected (n=27.98 versus n=20.86) which was not significant but may be due to the CDC GT
also being a standing water based trap. When dry ice was used in a trap night it appears this
attractant did significantly increase (n=47.00 vs n=16.51, p<0.05, p=0.023, df=1, F=5.262)
the number of mosquitoes trapped.

3.8 Mosquito Species
Collection of mosquitoes in Laredo revealed the presence of the following genera:
Aedes, Anopheles, Culex, and Culiseta. The majority of species identified were from the
genus Culex (1,306), followed by Aedes (62), Anopheles (2), and Culiseta (2). Table 3.15
depicts the mosquito species identified throughout the city and the diseases commonly
associated with these vectors. The list also includes counts of those mosquitoes that were
unidentifiable and males.
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Figure 3.5. Comparison of temperature and mosquito abundance in traps.
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Table 3.7. Presence of pets at trapping sites - descriptive
statistics.
N Mean
Std. Deviation
Std. Error
76 27.55a 70.304
8.064
Presence
61 18.25a 60.656
7.766
Absence
a. ANOVA, p>0.05, df=1, F=.669

Table 3.8. Presence of pets at trapping sites - 95% confidence
interval for mean.
Lower Bound Upper Bound Minimum Maximum
43.62
0
462
Presence 11.49
2.71
33.78
0
391
Absence

Table 3.9. Presence of lawn at trapping sites - descriptive
statistics.
N
Mean
Std. Deviation
Std. Error
106 22.57a 59.444
5.774
Presence
31 26.29a 86.221
15.486
Absence
a. ANOVA, p>0.05, df=1, F=.076

Table 3.10. Presence of lawn at trapping sites - 95% confidence
interval for mean.
Lower Bound Upper Bound Minimum Maximum
34.01
0
391
Presence 11.12
57.92
0
462
Absence -5.34
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Table 3.11. Presence of standing water at trapping sites - descriptive
statistics.
N Mean
Std. Deviation
Std. Error
49 27.98a
81.748
11.678
Presence
88 20.86a
55.916
5.961
Absence
a. ANOVA, p>005, df=1, F=.363

Table 3.12. Presence of standing water at trapping sites - 95%
confidence interval for mean.
Lower Bound Upper Bound Minimum Maximum
51.46
0
462
Presence 4.5
9.02
32.71
0
391
Absence

Table 3.13. Presence of dry ice in traps - descriptive statistics.
N
Mean
Std. Deviation
31
47.00a
115.279
Presence
106 16.51a
40.639
Absence
a. ANOVA, p<0.05, df=1, F=5.262

Std. Error
20.705
3.947

Table 3.14. Presence of dry ice in traps - 95% confidence interval for
mean.
Lower Bound Upper Bound Minimum Maximum
89.28
0
462
Presence 4.72
24.34
0
391
Absence 8.68
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Not all genera were present year round although the results suggest that Culex and Aedes are
the most prominent throughout the 9-month time frame (Table 3.16). Figure 3.6 shows the
abundance of species throughout the study period.
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Table 3.15. Species of mosquitoes identified and disease(s)
vectored by that species in North America.
Species

No. Identified

Ae. aegypti

61

Ae. albopictus

1

An. pseudopunctipennis

2

Cx. coronator

2

Cx. erraticus
Cx. interrogator

15
80

Cx. quinquefasciatus

374

Cx. tarsalis

1

Cx. spp

834

Cs. inornata

2

Unidentifiable
Males

1139
655

Vector For
Yellow Fever,
Dengue Virus
Yellow Fever,
Dengue Virus
St. Louis
encephalitis, West
Nile Virus

West Nile Virus,
St. Louis
encephalitis
Western equine
encephalitis, St.
Louis encephalitis,
California
encephalitis, West
Nile Virus
West Nile Virus,
Western equine
encephalitis
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Table 3.16. Species of mosquitoes identified by month.
Ae. aegypti
Ae. albopictus
An. pseudopunctipennis
Cx. coronator
Cx. erraticus
Cx. interrogator
Cx. quinquefasciatus
Cx. tarsalis
Cx. spp
Cs. inornata

S
X

O
X
X

N
X

D
X

J

F

M
X

A
X

X

M
X

J

X
X

X
X
X
X
X

X
X
X

Figure 3.6. Total mosquitoes caught by month and species.

X

X

X
X

X

X

X
X
X
X

X
X
X

X

X
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CHAPTER IV: DISCUSSION
4.1 Goals of Thesis
The goals of this research were to: 1) identify the diversity of mosquitoes throughout
the City of Laredo, 2) determine if there was a difference in mosquito abundance between
different zones in the city, and 3) determine if weather variables and environmental factors
affected number of mosquitoes.
The study found 10 species of mosquitoes distributed throughout the city. In the North zone
30.03 mosquitoes per trap night were collected, similarly in the South zone 23.19 mosquitoes
per trap night were collected whereas in the Central zone only 3.09 mosquitoes per trap night
were collected. No correlation between mosquito activity and weather variables and
environmental factors was observed. However we noted that very few mosquitoes were
collected if the mean temperature was below 16°C or above 37°C.

4.2 Trap Collections
For the 9-month study period, the vast majority of adult mosquitoes were collected
with the CDC Gravid Trap. Both males and females were captured using this trap. This trap
is primarily designed from the capture of gravid Culex mosquitoes; although, during this time
period it managed to capture mosquitoes from the genus Aedes, Anopheles, Culex, and
Culiseta. The reason behind the high numbers could be due to the fact of it being
consistently set throughout the study period. An explanation for the diversity of mosquito
species caught by the CDC GT could be that it was the only oviposition medium in the area
available to the mosquito at that place in time.
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Both the CDC Miniature Light Trap and Omni-Directional Fay Prince Trap had very
few trapped mosquitoes during the study period. One reason is for the relatively fewer
number of trap nights in which they were set (59 trap nights combined, compared to 141 for
CDC GT). The CDC MLT is known for collecting a considerable number of individuals and
diversity of species if set to the manufacturers specification, unfortunately we were often not
able to set it according to their recommendations. We were able to capture mosquitoes from
two genus (Aedes and Culex) during the time it was set. The ODFPT managed to capture
Aedes aegypti as stated by the manufacturer but it also captured Culex quinquefasciatus. We
did set the CDC MLT 16 times during the peak mosquito season but caught only 9
mosquitoes in total (0.56 mosquitoes per trap night). If both traps would have been set as
consistently as the CDC GT, it is believed the quantity and diversity of species could have
been greater than resulted in this study.

4.3 Trapping Zones
From the study we were able to see a difference in number counts between the 3
trapping zones although we were not able to specifically determine the reason for the
differences. In the North zone 30.03 mosquitoes per trap night were collected, similarly in
the South zone 23.19 mosquitoes per trap night were collected whereas in the Central zone
only 3.09 mosquitoes per trap night were collected. There are numerous possible
explanations for the variation in numbers. Some explanations include: 1) trap locations
(residential vs. commercial zones), 2) proximity of traps set to Mexico, and 3) proximity of
traps set to bodies of water (ex. ponds and rivers). Measuring these factors could determine
if they played a role in the number of mosquitoes caught.

70
4.4 Weather Variables and Environmental Factors
By looking at the statistics, it appears none of the weather variables nor
environmental factors played significance in the number of mosquitoes present. These
factors were highly variable throughout the study period and therefore could not identify the
true significance they played into the presence or activity of mosquitoes. However we noted
that very few mosquitoes were collected if the mean temperature was below 16°C or above
37°C. Although we did not collect during the summer months of June, July and August there
are the hottest months in Laredo and often exceed 37°C. Dry ice was significant in capturing
mosquitoes during the time it was used when traps were set. The availability of dry ice and
the costs associated with it limited its use. A study with the consistent use of dry ice could
possibly yield higher number counts than the ones found in this study.

4.5 Conclusions
Identifying the diversity of mosquito species and abundance of mosquitoes in the City
of Laredo is a key element in aiding local public health officials in disease surveillance.
Knowledge of the mosquito populations throughout the city is helpful for officials in
increasing community education on source reduction and preventative measures. Living in a
city across the border from one with frequent outbreaks is a concern in itself; and knowing
what is currently in the city is imperative in avoiding outbreaks such as the dengue outbreak,
which occurred in 1999. Understanding the relationship between mosquito abundance with
weather and environmental factors is necessary to improve current mosquito surveillance.
Although this research showed no significance between these, a larger study may prove
otherwise. Temperature should be considered an important factor as optimal temperature
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vastly increases mosquito numbers. The research conducted throughout this 9-month study
period supports the following conclusions: 1) adequate coverage of urban areas in City of
Laredo, 2) adequate coverage for North, Central, and South zones, 3) high number of
mosquitoes in North and South than Central [N.S.], 4) higher mosquito activity at moderate
temperatures than extreme temperatures [N.S.], 5) higher rate of detection with use of dry
ice, and 6) vectors for Dengue virus and West Nile virus are present throughout the year.
Mosquito populations constantly are fluctuating, conducting a larger study with more traps,
trap locations per zone, and lasting for a prolonged period of time will serve as a more
accurate indicator of mosquito activity and yield significant results. A recommendation for
the City of Laredo would be monthly surveillance of mosquito pools and increased
community outreach. This is of particular concern since many of the trap sites I used in this
study had significant yard clutter and standing water (breeding grounds for mosquitoes).
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